Partitioning of rainfall and flowpath processes in small oil palm catchments by James Gerusu, Geoffery
  
 
PARTITIONING OF RAINFALL AND FLOWPATH PROCESSES IN SMALL 
OIL PALM CATCHMENTS 
 
 
 
 
 
 
 
 
 
 
 
GEOFFERY ANAK JAMES GERUSU 
 
 
 
 
 
 
 
 
 
 
 
UNIVERSITI TEKNOLOGI MALAYSIA 
 
 
 
  
  
 
 
PARTITIONING OF RAINFALL AND FLOWPATH PROCESSES IN SMALL 
OIL PALM CATCHMENTS 
 
 
 
 
 
GEOFFERY ANAK JAMES GERUSU 
 
 
 
 
 
A thesis submitted in fulfilment of the 
requirements for the award of the degree of 
Doctor of Philosophy (Civil Engineering) 
 
 
 
 
Faculty of Civil Engineering 
Universiti Teknologi Malaysia 
 
 
 
 
JULY 2013 
 
 
 
iii 
 
 
 
 
 
 
 
 
 
 
 
 
 
To my dearest and greatest inspiration, 
God, Lydia, Glyns Meyes, Grace Nala, Mom and Dad 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
iv 
 
 
 
ACKNOWLEDGEMENT 
 
 
 
 
All praises to God for His blessing in completing this thesis. I owe highest 
gratitude and respect to my supervisor Professor Dr Zulkifli Yusop for his countless 
support in term of knowledge and continuously advice in finishing this study. This 
thesis presented here was possible only because of his endless effort and time spent 
in supervisory. 
 
Special thanks to few staffs of Malaysian Nuclear Agency, especially Dr. 
Wan Zakaria Wan Md Tahir, Mr. Lakam Mejus, Mr. Johari Abd Latif, and Mr. 
Juhari Muhd Yusof for their big contribution in technical support during data 
collection and analysis. The study would be nothing without their uncountable help 
and assistance. I also wish to thanks the management of Sedenak Estate for allowing 
and give permission to carry out this research within their area. 
 
Last but not least, greatest acknowledgement to my daughter, mom and dad 
for constantly support and inspiration. Above all, to Lydia for her love all the time. 
 
This study was funded by the Ministry of Sciences, Technology and 
Innovation (MOSTI) under Vot 74237. 
 
 
 
 
 
 
v 
 
 
 
ABSTRACT 
 
 
 
 
Oil palm area forms the second largest land-use fraction in Malaysia, after 
forest. Therefore, scientific understanding of hydrological processes in oil palm 
catchment is crucial for an improved catchment and water resources management. 
This important issue was examined, involving three small catchments, namely C1, 
C2 and C3 in Sedenak, Johore. Rainfall and streamflow were continuously recorded 
in all catchments. Throughfall and stemflow were monitored for interception loss 
computation. Neutron scattering and resistivity imaging system were applied for 
measuring soil moisture and generate stratigraphy pattern. Storm water samples 
were analysed for oxygen-18 and silica concentration for hydrograph separation to 
determine event and pre-event water. The revised Gash‘s model was also applied to 
estimate interception loss. On an average, 28.9% of the gross rainfall was 
intercepted by the canopy and 71.1% reaches the ground surface in C3. Throughfall 
and stemflow account for 66.9% and 4.2% of the rainfall, respectively.  About 
14.5% of the rainfall was infiltrated into the soil and recharge the soil moisture. 
During storm events, stormflow and baseflow constituted up to 56.6% of the total 
rainfall.  The hydrographs were dominated by event water during wet seasons and 
by pre-event water during dry seasons.  The stratigraphy patterns revealed that 
streamflow leakage to deeper layer might contribute to lower stormflow response 
factors and runoff coefficient in C1. The four components of the interception loss in 
C3, i.e. canopy storage capacity, trunk storage capacity, evaporation and 
evapotranspiration were estimated at 8.8%, 0.3%, 8.5% and 11.3%, respectively. 
The predicted interception loss derived from the revised Leyton and Gash methods 
were 13% and 11%, respectively. Both models were found to underestimate the 
measured interception loss and therefore not applicable in oil palm catchments. 
Radioisotope technique is a better approach for establishing time of concentration as 
it is able to determine the actual travelling times of both overland and channel flow 
in the field.  The water budgets in the study catchments seem comparable with 
forested catchments. However, detailed study on the long term flow regime and 
water quality is still necessary to formulate management guidelines for protecting 
water resources in oil palm catchment. 
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ABSTRAK 
 
 
 
 
Kawasan kelapa sawit membentuk bahagian penggunaan tanah yang kedua 
terbesar di Malaysia, selepas hutan.  Oleh itu, pengetahuan saintifik proses hidrologi 
di tadahan kelapa sawit adalah penting bagi penambahbaikan pengurusan tadahan 
dan sumber air. Isu yang penting ini telah dikaji, melibatkan tiga tadahan kecil, iaitu 
C1, C2 dan C3 di Sedenak, Johor. Hujan dan aliran sungai telah direkodkan 
berterusan di semua tadahan. Jatuhan telus and aliran batang disukat untuk 
pengiraan pemintasan kehilangan. Penyerakan neutron dan sistem bayangan 
keberintangan telah digunakan untuk pengukuran kelembapan tanah dan penghasilan 
pola stratigrafi. Sampel air ribut telah dianalisis untuk oksigen-18 dan kepekatan 
silika dan seterusnya digunakan untuk pemisahan hidrograf kepada air peristiwa dan 
pra-peristiwa. Model Gash semakan turut digunakan untuk menganggar kehilangan 
pintasan. Secara purata, 28.9% daripada hujan kasar telah dipintas oleh kanopi dan 
71.1% sampai ke permukaan tanah di C3. Jatuhan telus and aliran batang 
membentuk 66.9% dan 4.2% masing-masing daripada hujan kasar. Dianggarkan 
sebanyak 14.5% daripada hujan kasar telah menyusup ke dalam tanah dan 
mengimbuh kelembapan tanah. Semasa peristiwa ribut, aliran ribut dan aliran dasar 
membentuk sehingga 56.6% daripada jumlah hujan. Hidrograf telah di dominasi 
oleh air peristiwa semasa musim tengkujuh dan oleh air pra-peristiwa semasa musim 
kering. Pola stratigrafi menunjukkan kebocoran aliran sungai ke lapisan lebih dalam 
dan mungkin menjadi penyebab faktor sambutan dan pekali air larian yang rendah 
bagi aliran ribut di C1. Empat komponen pemintasan kehilangan iaitu keupayaan 
simpanan kanopi, keupayaan simpanan batang, sejatan dan penyejatpeluhan telah di 
anggarkan, masing-masing sebanyak 8.8%, 0.3%, 8.5% dan 11.3% di C3. 
Kehilangan pintasan yang diperoleh daripada kaedah kajisemula Leyton dan Gash, 
masing-masing adalah 13% dan 11%.  Kedua-dua model didapati terkurang anggar 
bagi ukuran kehilangan pintasan dan dengan itu kurang sesuai untuk tadahan kelapa 
sawit. Teknik radioisotop adalah pendekatan yang lebih baik untuk mengira masa 
penumpuan kerana ia berupaya menentukan masa kembara bagi kedua-dua aliran 
atas permukaan dan aliran sungai di lapangan. Keputusan analisis imbangan air di 
tadahan kelapa sawit hampir menyamai nilai yang dilaporkan dari tadahan hutan. 
Namun begitu, kajian terperinci ke atas regim aliran jangka panjang dan kualiti air 
penting untuk merumus garis panduan pengurusan bagi melindungi sumber air di 
tadahan kelapa sawit. 
 
 
 
